Introduction
Oat is an extremely nutritious cereal increasingly used in the food industry, especially in the form of flakes (Alves & Kist, 2010; Mantai et al., 2016) . Rio Grande do Sul is the state with largest cultivation area, 196.8 thousand hectares, and mean yield of 2 t ha -1 (CONAB, 2016) . The use of fertilizer-N is essential to maximizing the yield and quality of grains required by the industry (Mantai et al., 2015) . Although the use of fertilizer-N increases oat biomass and grain yield in favorable years, high doses may lead to lodging, compromising grain production and quality (Arenhardt et al., 2015) . In unfavorable years, yield losses can occur through leaching or volatilization of the nutrient, increasing costs and generating environmental pollution (Flores et al., 2013; Krüger et al., 2014) . Arenhardt et al. (2015) comment that the adequate volume and distribution of rainfall with lower temperatures represent conditions of favorable years for oat cultivation.
The maximum use efficiency of the nutrient by the plant is determined by the maintenance of soil moisture, with expressive effects on the increase of yield (Borges et al., 2014; Silva et al., 2015) . In this context, the use of water retainers can favor the maintenance of moisture in the soil, because it contributes to retaining water and gradually releasing it to the plants (Oliveira et al., 2004; Moghadam et al., 2011) , which can improve the fertilizer-N use, potentiating the yield and reducing risks of losses of the nutrient. Hydrogels are biodegradable, three-dimensional polymer networks that retain water in their structure, forming a gel capable of hydrating and releasing water for a long period (Sartore et al., 2013; Guilherme et al., 2015) .
This study aimed to determine if the conditions of use of the polymer hydrogel increase the fertilizer-N use efficiency in oat yield in succession systems of high and reduced residual-N release.
Material and Methods
The experiments were carried out under field conditions in 2014 and 2015, in the municipality of Augusto Pestana-RS, Brazil (28° 26' 30'' S; 54° 00' 58'' W). The soil of the experimental area was classified as typic dystroferric Red Latosol and the climate of the region, according to Köppen's classification, is Cfa (humid subtropical), with rainfalls well distributed along the year and the mean temperature of the hottest month above 22 ºC. Ten days before sowing, soil analysis was performed to determine the following chemical characteristics (Tedesco et al., 1995) : i) corn/oat system (pH = 6.5; P = 34.4 mg dm -3 ; K = 262 mg dm ; Ca = 6.6 cmol c dm -3 and Mg = 3.4 cmol c dm -3 ) and; ii) soybean/oat system (pH = 6.2; P = 33.9 mg dm -3 ; K = 200 mg dm -3
; OM = 3.0%; Al = 0 cmol c dm -3 ; Ca = 6.5 cmol c dm -3 and Mg = 2.5 cmol c dm -3 ). Regardless of agricultural year, sowing was performed in the third week of June, according to the recommendation of cultivation for the species, in residual cover of high and reduced C/N ratio, corn/ oat and soybean/oat system, respectively. The sowing process used a seeder-fertilizer in the composition of the plot with five 5-m-long rows spaced by 0.18 m, forming an experimental unit of 4.5 m 2 . The population density was 400 viable seeds m -2 . During the study, the fungicide Tebuconazole was applied at the dose of 0.75 L ha -1 . Weeds were controlled with the herbicide metsulfuron-methyl at the dose of 4 g ha -1 and manual weedings, always when necessary. In the experiments, 45 and 30 kg ha -1 of P 2 O 5 and K 2 O were applied at sowing, based on the contents of P and K in the soil for the expected grain yield of 3 t ha -1 , respectively, and 10 kg ha -1 of N as basal application, except in the control experimental unit, with absence of N. Therefore, basal fertilization consisted in the N-P-K formulation of 10-20-20. The rest of the N was applied as top-dressing in the fourth-expanded-leaf stage. The different doses of granular hydrogel of the biopolymer were applied together with the oat seeds, being in the soil at the same depth and cultivation row, approximately 3 cm deep.
In each cultivation condition of high and reduced residual-N release (corn/oat and soybean/oat systems), two experiments were conducted, one to quantify biomass yield (BY, kg ha -1 ) through the cuts performed every 30 days until physiological maturity and the other to estimate grain yield (GY, kg ha -1 ) and lodging (LD, %). Hence, the four experiments were set in a randomized block design with four replicates, in a 4 x 4 factorial scheme corresponding to four hydrogel doses (0, 30, 60 and 120 kg ha -1 ) and four fertilizer-N doses (source: urea) (0, 30, 60 and 120 kg ha -1 ), using the white oat cultivar 'URS-Corona' .
Lodging was visually estimated and expressed in percentage, in the stage close to grain harvest, following the methodology proposed by Moes & Stobbe (1991) . Grain yield was obtained by the cut of three central rows of each plot in the harvest maturity stage, with grain moisture around 22%. Plants were threshed with stationary threshing machine and sent to the laboratory for the correction of grain moisture to 13% and weighing, to estimate grain yield (GY, kg ha -1 ). In the experiments intended for quantifying biomass yield (BY kg ha -1 ) along the development of the plants, the vegetal material was harvested close to the soil, through the collection of one linear meter of the three central rows of each plot, in the periods of 30, 60, 90 and 120 days after emergence, totaling four cuts. The samples of fresh biomass were dried in an oven at temperature of 65 ºC.
After meeting the assumptions of homogeneity and normality through the Bartlet tests, analysis of variance was used to detect the main effects and the effects of interaction. Linear equations (BY = b 0 ± b 1 x) were used to estimate the biomass yield of oat and the Scott-Knott method was used to compare the mean values of grain yield and lodging. Quadratic equations (Y = b 0 ± b 1 x ± b 2 x 2 ) were used to estimate the fertilizer-N dose ideal for maximum grain yield (N ideal = -b 1 /2b 2 ), with simulation of lodging, under the conditions of the use of hydrogel in the cultivation systems. The computer program Genes was used for these determinations.
Results and Discussion
In the years 2014 and 2015, the rainfalls were 952 and 817 mm, respectively. These volumes are close to the historical average of the last 20 years (900 mm), but with different distribution. In 2014, a large volume of rainfall occurred from half of the cycle to the maturation ( Figure 1A ), a condition that led to periods of lower insolation in the phase of elongation and grain filling. In 2015, the largest volume of rainfall occurred from emergence to 43 days of development, with subsequent regular rainfalls of lower volumes ( Figure 1B ). Rainfall periods along the cycle reduce the light use efficiency in the photosynthesis and, in the stage of filling and maturation, interfere with grain yield and quality (Arenhardt et al., 2015) . These conditions led to the higher grain yield obtained in 2015.
In the analysis of the source of variation year, N dose and hydrogel dose, the main effects and interaction effects were significant. In Table 1 , in the soybean/oat system in 2014, the use of 30 kg ha -1 of hydrogel caused greater biomass yield per day and grain yield at the highest dose of fertilizer-N. The highest mean of grain yield (2775 kg ha -1 ), regardless of the N use condition, was also obtained with 30 kg ha -1 of the biopolymer. In 2015 (Table 1) , the higher biomass yield per day and grain yield was also obtained with 30 kg ha -1 of hydrogel at the highest fertilizer-N dose (120 kg ha -1 ). The highest mean of grain yield, regardless of the N dose, was obtained with the doses of 30 and 60 kg ha -1 of hydrogel and 3416 and 3518 kg ha -1 , respectively. Although higher biomass and grain yields occurred in 2015 favored by the meteorological conditions (Figure 1) , reflexes on the increase of plant lodging were intensified, especially at higher doses of fertilizer-N, a condition that compromises harvest and decrease grain quality. It should be pointed out that the condition of high residual-N release, as in the soybean/oat system along with the interaction with the fertilizer, tends to lead to greater plant lodging.
In Table 2 , in the corn/oat system, the biomass yield per day and grain yield were incremented by the increase in the dose of fertilizer-N, regardless of the hydrogel dose and agricultural year. There were reduced values of lodging in this succession system, especially in 2014, in which the increase of fertilizer-N did not lead to alteration. In 2014, grain yield was not altered using hydrogel. On the other hand, in the absence of hydrogel with the highest dose of fertilizer-N, grain yield was equal to 2780 kg ha -1 , but the use of the biopolymer with 60 kg ha -1 at the highest dose of fertilizer-N incremented grain yield to 3237 kg ha -1 (Table 2 ). In 2015, regardless of the dose of fertilizer-N, the use of hydrogel did not alter grain yield; however, high doses of fertilizer-N increased the biomass and grain yields, along with the lodging percentage, a fact also observed in the year 2014. It should be highlighted that, in the condition of reduced release of residual-N, in corn/oat system, there is a strong contribution to the reduction of plant lodging, which, in this perspective, qualifies this succession system.
High levels of N fertilization, despite maximizing production, can favor plant lodging, in addition to other environmental damages and increase in the production costs (Ma et al., 2010 ; Arenhardt et al., 2015) . In rye, the use of hydrogel led to a significant increment in the biomass production at different levels of fertilization under water restriction (Nissen & Tapia, 1996) . In canola, the use of the biopolymer increases the water storage capacity of the soil, favoring the vegetative period and oil quality in the grains (Moghadam et al., 2011) .
To determine if the biopolymer hydrogel increases the fertilizer-N use efficiency, Tables 3 and 4 show the estimates of the optimal dose of the nutrient for maximum grain yield and expected lodging using the biopolymer. In Table  3 , for the soybean/oat system in 2014, the maximum N use efficiency for grain yield was obtained with 75 kg ha -1 in the absence of hydrogel, with expected yield of 2993 kg ha -1 and lodging of 36%. For the use of hydrogel with 30 and 60 kg ha -1 , there were reductions in the N use to 73 and 71 kg ha -1 , respectively, generating expected yields of 3180 and 3017 kg ha -1 , respectively. At these doses of the biopolymer, the obtained values of lodging were similar to those of the standard dose. At the highest dose of hydrogel, there was a reduction in N use efficiency (84 kg ha -1 ), indicating greater use of the nutrient with lower grain yield and high lodging. This fact indicates that the excess of hydrogel may substantially increase soil moisture, leading to greater vegetative growth and, consequently, plant lodging, interfering with the yield.
In 2015, in the soybean/oat system (Table 3) , the maximum N use efficiency for grain yield without using hydrogel was obtained with 87 kg ha -1 , with expected yield of 3968 kg ha -1 and lodging of 74%. The hydrogel dose of 60 kg ha -1 led to reduction in the use of fertilizer-N to 80 kg ha -1 , with expected grain yield of 4084 kg ha -1 and lodging percentage similar to those of the other biopolymer doses.
In Table 4 , for the corn/oat system in 2014, the maximum N use efficiency for grain yield was obtained with 105 kg ha -1 in the absence of hydrogel. This dose promoted expected grain yield of 2892 kg ha -1 with lodging of 3%. In the use of 30 kg ha -1 of hydrogel, the optimal dose of fertilizer-N was also obtained with 105 kg ha -1 . Although there was no reduction of fertilizer-N, there was an increment in grain yield to 3100 kg ha -1 . The hydrogel doses of 60 and 120 kg ha -1 caused a linear response in the fertilizer-N use efficiency for grain yield. In 2015, the maximum N use efficiency for grain yield without using hydrogel was obtained with 90 kg ha -1 , and expected grain yield of 3520 kg ha -1 and lodging of 33%. The hydrogel dose of 30 kg ha -1 promoted increment in the use of the optimal dose of fertilizer-N, to 105 kg ha -1 , with increment in the expected grain yield to 3700 kg ha -1 . The hydrogel doses caused linearity in the N use for grain production, i.e., for being linear, the functions do not generate stability, as the quadratic functions BY -Biomass yield; LD -Lodging; GY -Grain yield; XGY H -Mean of grain yield in the conditions of use of hydrogel; R 2 -Coefficient of determination; P (b i x) -Probability of the line slope parameter; *Significant at 0.05 probability level by t-test Means followed by the same lowercase letters in each hydrogel dose compare nitrogen doses and uppercase letters compare hydrogel doses constituting statistically homogeneous group by the Scott-Knott model at 0.05 probability level The N use efficiency was obtained through equations as a function of the N doses in each condition of the biopolymer. Therefore, the results of Tables 3 and 4 indicate that, in the soybean/oat system, the highest yields with the lowest use of fertilizer-N were obtained at hydrogel doses of 30 and 60 kg ha -1 . On the other hand, in the corn/oat system, the highest efficiency was observed with 30 kg ha -1 of the biopolymer, leading to the highest estimate of yield using the optimal dose. The product hydrogel costs R$ 18.00 kg . Although the cost may seem high considering the reduced use of the technology in large scale, the biopolymer has a water retaining action in the soil of 3 to 4 years; therefore, the cost is diluted along the cultivation seasons. However, there are no studies on the use of hydrogel in cereals considering the actual conditions of cultivation, especially searching for the link with N use efficiency. Therefore, we highlight the innovative character of this study, for using the biopolymer aiming at higher N use efficiency in oat grain yield.
Studies conducted by Marques et al. (2012) , with sugarcane, indicated that the hydrogel dose of 53 kg ha -1 increased the stalk mass yield, a value between the biopolymer doses that led to higher N use efficiency for oat yield in the present study. In the production of seedlings, Mews et al. (2015) observed that the use of the biopolymer increased the use of N fertilization, with ideal doses between 2 and 4 g kg -1 of substrate. In bell pepper, the increment of hydrogel doses led to greater development of the seedlings, linearly increasing the number of leaves and shoots of the plants (Marques & Bastos, 2010) .
Conclusions
The use of hydrogel increases N use efficiency in oat yield, especially in the conditions of 30 and 60 kg ha -1 of the biopolymer; however, this effect is dependent on the succession system and on weather conditions. 
